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(57) A method for producing a cathode active mate- 
rial having superior cell characteristics through single- 
phase synthesis of a composite material composed of 
a compound represented by the general formula 
Li^Fei.yMyPO^ and a carbon material positively and a 
method for producing a non-aqueous electrolyte cell 
employing the so produced cathode active material. To 
this end, the cathode active material is prepared by a 
step of mixing the starting materials for synthesis of the 



compound represented by the general formula 
Uj^Fei.yMyP04, a step of milling a mixture obtained by 
the mixing step, a step of compressing the mixture ob- 
tained by the mixing step to a preset density and a step 
of sintering the mixture obtained by the compressing 
step. A carbon material is added in any one of the above 
steps prior to the sintering step. The density of the mix- 
ture in the compressing step is set to not less than 1 .71 
g/cm3 and not larger than 2.45 g/cm^. 
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Description 

BACKGROUND OF THE INVENTION 
5 Field of the Invention 

[0001 ] This invention relates to a cathode active material capable of reversibly doping/dedoping lithium and to a non- 
aqueous electrolyte cell employing this cathode active material. 

10 Description of Related Art 

[0002] Recently, with drastic progress in the art of electronic equipment, investigations into a rechargeable secondary 
cell, as a power source that may be used conveniently and economically for prolonged time, are proceeding briskly. 
Among typical secondary cells, there are a lead storage cell, an alkali storage cell and a non-aqueous electrolyte 
'5 secondary cell. 

[0003] Among the aforementioned secondary cells, a lithium ion secondary cell, as a non-aqueous electrolyte sec- 
ondary cell, has advantages such as high output or high energy density. 

[0004] A lithium ion secondary cell Is made up of a cathode and an anode, each having an active material capable 
of reversibly doping/dedoping at least lithium ions, and a non-aqueous electrolyte. The charging reaction of the lithium 

20 ion secondary cell proceeds as lithium ions are deintercalated into an electrolyte solution at the cathode and are in- 
tercalated into the anode active material. In discharging, reaction opposite to that of the charging reaction proceeds, 
such that lithium ions are intercalated at the cathode. That is, charging/discharging is repeated as the reaction of 
entrance/exit of lithium ions from the cathode into and from the anode active material occurs repeatedly 
[0005] As the cathode active material of the lithium ion secondary cell, LiCo02, LiNlOg or LiMn204 is used because 

^5 these materials have a high energy density and a high voltage. However, these cathode active materials, containing 
metal elements of low Clark number in their composition, suffer from high cost and supply instability. Moreover, these 
cathode active materials are higher In toxicity and affect the environment significantly. So^ there is presented a demand 
for a novel substitution material usable as a cathode active material. 

[0006] Proposals have been made for use of LiFeP04 having an olivinic structure, as a cathode active material for 
a lithium ion secondary cell. LiFeP04 has a volumetric density as high as 3.6 g/m^ and generates a high potential of 
3.4V. with its theoretical capacity also being as high as 1 70 mAh/g. Additionally. LiFeP04 contains an electrochemically 
dedopable Li at a rate of one atorri per Fe atom, in its initial state, and therefore is promising as a cathode active 
material for a lithium ion secondary, cell. Moreover, LIFeP04 includes iron, as an inexpensive material plentiful in supply, 
in Its composition, and therefore is less costly than any ofthe aforementioned materials, that is LiCoOo, LiNiOj or 
35 LiMn204. 

[0007] However, since LiFeP04 has only low electronic conductivity, the internal resistance of the cell may occasion- 
ally be increased if LtFeP04 is used as a cathode active material. If the internal resistance of the cell Is Increased, the 
polarization potential on cell circuit closure is increased to decrease the cell capacity. Additionally, since the true density 
of LiFeP04 is lower than that of the conventional cathode material, the active material charging ratio cannot be in- 
40 creased If LiFeP04 Is used as the cathode active material, such that the call cannot be increased sufficiently In energy 
density. 

[0008] So, a proposal has been made of employing, as a cathode active materia!, a composite material of a compound 
represented by the general formula Lij^FeP04, where 0 < x < 1 , having an olivinic structure, and a carbon material for 
its superiority in electronic conductivity. This composite material is referred to below as an LiFeP04 composite material. 
45 [0009] Meanwhile, if an impurity Is left over in the Lij^FeP04 carbon composite material, as a cathode active material, 
the cell characteristics are lowered, because the impurity fails to contribute to the cell reaction. For Improving the cell 
characteristics, it is necessary to prepare the LlxFeP04 carbon composite material not containing residual impurity, 
that is to synthesize the Lij^FeP04 carbon composite material in a single phase. 

[0010] For preparing the Lij^FeP04 carbon composite material, such a method has been proposed which consists in 
mixing starting materials for synthesis of LixFeP04, milling the resulting mixture, sintering the milled product and adding 
a carbon material at an optional time point to the starling materials for synthesis. 

[0011] It is however difficult to realize a smooth reaction for synthesis in the sintering process, such that there lacks 
at present a technique of synthesizing the Lij^FeP04 carbon composite material in a single phase and therefore a non- 
aqueous electrolyte cell employing the Li^FeP04 carbon composite material synthesized in a single phase has not 
55 been realized. 
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SUMMARY OF THE INVENTION 

rQ012l It is therefore an object of the present invention to provide a method for the preparation of a cathode active 
mater al Lig a superior clll capacity through reliable single-phase synthesis of a con^pound represented by the 
general formula Li.Fe,. ,M,PO, and a carbon material and a method for the preparation of a non-aqueous electrolyte 

^IT'Z'l:::^^^^^^^ invention provided a method for preparing a cathode active -eria- .eluding a 
mix ng step of mixing starting materials for synthesis of a compound represented by a general formula L fe, M PO,, 
: ere mIs' at least one selected from the group consisting of Mn, Cr, Co, Cu^Ni V. Mo, T., Zn. ^^f-'^.^^^^^ 
with 0 05 < X < 1 2 and 0 < y < 0.8. a milling step of milling a mixture obtained in the mixing step, a compressing s ep 
o compressin'g the milled mixture obtained in the milling step to a preset density and a sintering step of sintering he 
mixture coZessed in the compres^sing step. A carbon material is added in any of the above steps previous o the 
Tterlng step and t^e dlnsity of'the mixture is set in the compressing step to not less than 1 .71 g/cm3 and not larger 

m014l'*^lnfhT method for preparing the cathode active material, described above, there is provided the compressing 
step between thTr^illlng and JJntering steps of compressing the milled mixture, that is the ^^^^-^'^^ ^^'^'J % 
Shes s of the cathode active material, to a preset density, that is to not less than 1 .71 g/cm3 and not larger than 2^45 
gC This diminishes the gap between the particles of the mixture, that Is the starting materials - ^V"*^- 
cathode active material, charged into the sintering step, thereby assuring a sufficient area of contact of the particles 
of the start ng materials for synthesis. By carrying out the sintering step as a sufficient contact area is maintained 
Iween tSarting material 'for synthesis, the synthesis reaction is improved in reaction ettic.ency to realize s,ng,e- 
phase synthesis of the cathode active material, that is the composite matenal composed of L'xF^i- jr ^^^^^ 
so! with the manufacturing method for the cathode active material, it is possible to produce a cathode active matenal 
which mav assure a high cell capacity. . • *■ « ♦u^^^ 

ToOlSl That is. with the method for preparing the cathode active material, according to the present 'n-rn on. there 
s proiided. between the milling step and the sintering step, a step of compressing the r-'"-^ -J^^^^^f 'J 
starting materials for synthesis of the cathode active material, to a preset density, that is to not less than 1 .71 ^cm 
and not Targer than 2.45 g/cm3, thus realizing single-phase synthesis of the cathode active matenal. that is L.FePO, 

tO^re? "sTwiiLTetresent manufacturing method for the cathode active material, there may be P-^^^;;' ^^^^^^^^^ 
facturing method for the cathode active material for a cell having a high cell capacity through smgle-phase synthesis 

roo??r l-noSLTeS^ present invention provides a method for the preparing a non-aqueous electrolyte ceH 
hav nq a c" thode including a cathode active material, an anode including an anode active material and a non-aqueous 
Strolyte whJern the cfthode active material is produced by a mixing step of mixing starting rnater.a s for synthes-s 
?a compound represented by the general formula Li,Fe,.,M,PO,. where M is at least one selected from the group 
cons^tTof Mn C, Co, Cu, Ni, V, 1, Ti. Zn, Al, Ga. Mg. B and Nb. with 0.05 . x< 1.2 and 0 ^ y < 0.8. a rn-l^ng step 
orm irg a mixture Obtained in the mixing step, a compressing step of compressing the '"'"^^ mixture to a preset 
deS and^ sintering step of sintering the mixture compressed in the compressing step, a ca*on matenal be ng 
added in any of the above steps previous to the sintering step. The density of the mixture is set m the compressing 
ctAn tn not less than 1 71 q/cm^ and not larger than 2.45 g/cm^. . . ^ . ^ 

r thememodtorproducingthenon-aqueouse^ 
he cathode active material, the compressing step between the milling and sintering steps °* ^^-^P/^^^^^^^^^ 
mixture, that is the milled starting materials for synthesis of the cathode active matenal. to a P-'^f^^f J'^V^^J^^'^/^ 
^oness than 1 71 q/cm3 and not larger than 2.45 g/cm3. This diminishes the gap between the particles of the mixture, 
thi isthrstartingma'erl^sforsy 

a fuffidenT^ea o7contact of the particles of the starting materials for synthesis. By carrying out the ^ntenng step as 
a JuS c en rnLct area is maintaLd between the starting materials for synthesis, the synthesis reaction is .mproved 
fn reac on efficiency to realize single-phase synthesis of the cathode active material, that is the compos.e ma er a 
composed of Li.Fe ' M„P04 and carbon. So. with the manufacturing method for the non-aqueous electrolyte cell, it is 
Dossible to produce a non-aqueous electrolyte cell having a high cell capacity. „.,„„ti„„ 
[00i;i That is, with the manufacturing methodfor the non-aqueous electrolyte cell. ^-^^^'^ J ^^^^^ ^^^.^^ 
here s provided, between the milling step and the sintering step, a step of compressing the ^^^^f ^ 

rn'led starting materials for synthesis of the cathode active material, to a preset density, that is to not 'es^than 1 ^71 
g/cm3 and not larger than 2.45 g/cm3, thus realizing single-phase synthesis of the cathode active matenal, that is 

"[oS' ror.hTe';S~"facturingmethod for the non-aqueous electrolyte cell, there may be provided a 
manufacturing method for the cathode active material for a cell having a high cell capacity through smgle-phase syn- 



3 



SNSDOCIO' <EP 1 19S827A2J_> 



EP 1 195 827 A2 



« 



thesis of the cathode active material. 

[0021] In still another aspect, the present invention provides a method for preparing a cathode active materia! in> 
eluding a mixing step of mixing starting materials for synthesis of a compound represented by the general formula 
Li^Fei.yMyP04, where 0.05 < x < 1 .2, 0 < y < 0.8, and M is at least one selected from the group consisting of Mn, Cr, 
5 Co, Cu, Ni, V, Mo, Ti, 2n, Al, Ga, Mg, B and Nb, a milling step of milling a mixture obtained in the mixing step, and a 
sintering step of sintering the mixture milled in the milling step. A carbon material is added in any of the above steps 
and, following the milling step, the tap density of the starting materials for synthesis is set to not less than 0.4 g/cc and 
not larger than 2.0 g/cc. 

[0022] In the method for preparing the cathode active material according to the present Invention, in which the tap 
10 density of the starting materials for synthesis following the milling step is prescribed as described above, the starting 
materials for synthesis are comminuted sufficiently thus assuring a sufficient contact area of the particles of the starting 
materials for synthesis during the sintering step. Thus, with the present manufacturing method for the cathode active 
material, the synthesis reaction in the sintering step is improved in reaction efficiency, thereby yielding a composite 
material of LixFei.yMyP04 and the carbon material, that is a cathode active material not containing impurities. It should 
15 be noted that the milling means comminution and mixing performed concurrently. 

[0023] In yet another aspect, the present invention provides a method for preparing a non-aqueous electrolyte cell 
having a cathode including a cathode active material, an anode including an anode active material and a non-aqueous 
electrolyte, wherein, for producing the cathode active material, a mixing step of mixing starting materials for synthesis 
of a compound represented by the general formula LixFei.yMyP04, where 0.05 < x < 1 .2, 0 < y < 0.8, and M is at least 
20 one selected from the group consisting of Mn, Cr, Co, Cu, Ni, V, Mo, Ti, Zn, Al, Ga, Mg, B and Nb, a milling step of 
milling a mixture obtained in the mixing step, and a sintering step of sintering the mixture milled in the milling step, are 
carried out. A carbon material is added in any of the above steps and, following the milling step, the tap density of the 
starting materials for synthesis is set to not less than 0.4 g/cc and not larger than 2.0 g/cc. 

[0024] In the manufacturing method for the non-aqueous electrolyte cell according to the present invention, a com- 
25 posite material of LixFe,.yMyP04 and the carbon material can be synthesized reliably In a single step, thus yielding a 
non-aqueous electrolyte cell having superior cell characteristics, such as cell capacity or cyclic characteristics. 
[0025] The method for preparing the cathode active material of the present invention comprises a mixing step of 
mixing starting materials for synthesis of a compound represented by the general formula Li^Fe.,.yMyP04, where 0.05 
< x < 1 .2, 0 < y < 0.8, and M is at least one selected from the group consisting of Mn, Cr, Co. Cu, Ni. V, Mo, Ti, Zn, Al, 
30 Ga, Mg, B and Nb, a milling step of milling a mixture obtained in the mixing step, and a sintering step of sintering the 
mixture milled in the milling step. Moreover, a carbon material is added in any of the above steps while the tap density 
of the starting materials for synthesis is set to not less than 0.4 g/cc and not larger than 2.0 g/cc after the milling step. 
Thus, the starting materials can be commuted sufficiently, so that the sufficient contact area in which starting material 
contacts with each other can be assured. That is, according to the method for the cathode active material, a smooth 
35 reaction for synthesis in the sintering step can be achieved, and the Li^Fe.,.yMyP04 carbon composite material can be 
synthesized In a single phase. This enable the cathode active material having superior cell characteristics, and free of 
impurities. 

[0026] Also, according to the method for preparing non-aqueous electrolyte cell, the non-aqueous electrolyte cell is 
produced with the use of so-produced cathode active material. This enable the non-aqueous electrolyte cell which is 
40 superior in Its cell characteristics, such as cell capacity or cyclic characteristics. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0027] 

45 

Fig. 1 is a longitudinal cross-sectional view showing an illustrative structure of anon-aqueous electrolyte secondary 
cell employing the present invention. 

Fig.2 Is a graph showing the characteristics of a Raman spectral peak of a carbon material. 
Fig. 3 is a graph showing the results of X-ray diffractometry of a cathode active material. 
50 Fig. 4 is a schematic view showing a device for measuring the tap density of starting materials for synthesis of the 

cathode active material. 

Fig. 5 is a front view showing a metal tube and a test tube of the measurement device shown in Fig. 4. 
Fig. 6 Is a side view showing the metal tube and a rotary blade of the measurement device shown in Fig. 4. 

55 DESCRIPTION OF THE PREFERRED EMBODIMENTS 

[0028] Referring to the drawings, preferred embodiments of the present invention will be explained in detail. The 
present invention is not to be limited to the embodiments, as now explained, but may be suitably modified without 
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departing from its scope. 

[0029] Referring to Fig. 1. a non-aqueous electrolyte cell 1. prepared in accordance with the present invention, in- 
cludes an anode 2. an anode can 3 for holding the anode 2. a cathode 4, a cathode can 5 for holding the cathode 4. 
a separator 6 arranged between the cathode 4 and the anode 2. and an insulating gasket 7. A non-aqueous electrolyte 
5 solution is charged into the anode can 3 and into the cathode can 5. 

[0030] The anode 2 is formed by e.g., a metal lithium foil, acting as anode active material. If a material capable of 
doping/dedoping lithium is used as anode active material, a layer of the anode active material, containing the anode 
active material, is formed on an anode current collector of the anode 2. The anode current collector may, for example, 
be a nickel foil. 

10 [0031 ] As the anode active material, capable of doping/dedoping lithium, metal lithium, lithium alloys, a lithium-doped 
electrically conductive high molecular material, or a layered compound, such as carbon material or metal oxide, may 
be used. 

[0032] As a binder contained in the layer of the anode active material, any suitable known resin material, routinely 
used as a binder for the layer of the anode active material in this sort of the non-aqueous electrolyte cell, may be used. 

15 [0033] The anode can 3 holds the anode 2 and serves as an external anode for the non-aqueous electrolyte celll . 
[0034] The cathode 4 is a layer of a cathode active material containing a cathode active material operates in a 
reversible fashion for electrochemically emitting lithium on a cathode current collector formed e.g.. by an aluminum 
foil, and also occluding lithium. The layer of the cathode active material Is mainly composed of a cathode active material 
and may contain a binder and an electrically conductive material as necessary. 

20 [0035] The cathode active material used is a composite material of a compound of an olivlnic structure represented 
by the general formula U^fe^.^tJiyPO^, where M is at least one selected from the group consisting of Mn. Cr. Co. Cu, 
Ni. V, Mo, Ti. Zn, Al, Ga. Mg. B and Nb. with 0.05 < x < 1 .2 and 0 < y < 0.8. that is an Li^Fe^.yMyPO^ carbon composite 
material. 

[0036] Such a case in which LiFeP04 is used as Li^Fei.yMyP04 and a composite material composed of this LiFeP04 
25 and a carbon material, that is LiFeP04 carbon composite material, is used as a cathode active material, is hereinafter 
explained. 

[0037] The Li FeP04 carbon composite material iscomprised of LiFeP04 grains, on the surfaces of which are attached 
numerous grains of a carbon material drastically smaller in grain size than the UFeP04 grains. Since the carbon material 
is electrically conductive, the LiFeP04 carbon composite material is superior in electronic conductivity to e.g.. LiFeP04. 
30 That is. the LiFeP04 carbon composite material is improved in electronic conductivity due to carbon grains attached 
tothe surface of LiFeP04 grains, so that the capacity proper to LiFeP04 can be exploited sufficiently Thus, by employing 
the UFeP04 carbon composite material as the cathode active material, the non-aqueous electrolyte cell 1 having a 
high capacity can be achieved. 

[0038] The carbon content per unit weight of the LiFeP04 carbon composite material is preferably not less than 3 
35 wt%. If the carbon content per unit weight of the LiFeP04 carbon composite material is less than 3 wt%, the amount 
of carbon grains attached to the surfaces of the LiFeP04 grains is not enough such that there is a risk of failure in 
achieving a sufficient effect in improving electronic conductivity. 

[0039] As the carbon materia! forming the LiFeP04 cariDon composite material, such a material where the strength 
to area ratio A(D/G) of diffraction lines appearing at 1570 to 1590 cm-"i to those appearing at 1340 to 1360 cm-i of the 
40 number of waves in the Raman spectrum of graphite Gr in the Raman spectrometry not less than 0.3, is preferably used. 
[0040] The strength to area ratio A(D/G) is defined herein to be the background-free Raman spectrum strength area 
ratio A(D/G) of the D peak appearing at the number of waves of 1340 to 1360 cm-i to the G peak appearing at the 
number of waves of 1570 to 1590 cm'^ as measured by Raman spectrometry as shown in Fig. 2. The 'background- 
free ' is synonymous with freeness from a noisy portion. 

[0041 ] Among numerous peaks of the Raman spectrum of Gr, two peaks, namely the G peak appearing at the number 
of waves of 1 570 to 1 590 cm'^ and the D peak appearing at the number of waves of 1340 to 1 360 cm-^ . are observed, 
as described above. Of these, the D peak is inherently not derived from the G peak, but is a Raman -in active peak 
appearing when the structure is distorted and structural symmetry becomes lower. Thus, it is known that the D peak 
is a measure of structural distortion, and that the strength area ratio A(D/G) of the D and G peaks is correlated linearly 
so with a reciprocal of the crystallite size La along the a-axis of Gr 

[0042] As such carbon material, an amorphous carbon material, such as acetylene black, may preferably be used. 
[0043] The carbon material having the strength to area ratio A(D/G) of not less than 0.3 may be obtained e.g., by 
processing such as comminution with a pulverizer. A carbon material having an optional A (D/G) may be obtained 
extremely readily by controlling the comminuting time. 
55 [0044] For example, graphite, as a crystalline carbon material, may have its structure destructed extremely readily 
by comminution with a powerful pulverizer, such as a planetary ball mill, and is amorphized progressively resulting in 
an increased strength to area ratio A (D/G). That is. by controlling the driving lime of the pulverizer, such a carbon 
material having an optional A (D/G) not less than 0.3 may be produced extremely readily. Thus, on comminution, 
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crystalline carbon materials also may be preferably used. 

[0045] The powder density of the LiFeP04 carbon connposite material is preferably not less than 2.2 g/cm^. If the 
starting materials for synthesis are milled to such an extent that the powder density of the LiFeP04 carbon composite 
material is not less than 2.2 g/cm^, the composite material is comminuted sufficiently. Consequently, the cathode active 
5 material is improved in charging density, with the result that the non-aqueous electrolyte cell 1 having a high capacity 
may be achieved. On the other hand, since the LiFePO^ carbon composite material is comminuted to satisfy the above- 
mentioned powder density, the specific surface area of LiFeP04 also may be said to be increased. That is, a sufficient 
contact area between LIFeP04 and the carbon material may be assured to enable the electronic conductivity to be 
improved. 

to [0046] If the powder density of the LiFeP04 carbon composite material is less than 2.2 g/cm^, the LiFeP04 carbon 
composite material is not compressed sufficiently, so that the active material charging ratio at the cathode 4 may not 
be Improved. 

[0047] The Brunauer-Emmet-Teiler (BET) specific surface area ofthe LiFeP04 carbon composite material is prefer- 
ably not less than 10.3 m^/g. If the BET specific surface area of LiFeP04 carboacomposite material is not less than 

15 10.3 m2/g, the specific surface area of LiFeP04 per unit area can be sufficiently targe to increase the contact area of 
Li-cPO^ with the carbon material. The result is the improved electronic conductivity of the cathode active material. 
[0048] Additionally the primary grain size ofthe LiFeP04 carbon composite material is desirably not larger than 3.1 
nm With the primary grain size of the LIFeP04 carbon composite material of not larger than 3.1 ^im, the specific surface 
Hf CH of LiFcP04 per unit area can be sufficiently large to increase the contact area of LiFeP04 with the carbon material. 

20 TUo result is again the improved electronic conductivity of the cathode active material. 

[0049] As a binder contained in the layer of the cathode active material, any suitable known resin material, routinely 
used as a binder of the layer of the cathode active material in this sort of the non-aqueous electrolyte cell, may be used. 
[0050] The cathode can 5 holds the cathode 4 and also serves as exterior cathode of the non-aqueous electrolyte 
cell 1. 

25 [0051 ] The separator 6. used for separating the cathode 4 from the anode 2, may be formed of any suitable material 
routinely used as this sort of the non-aqueous electrolyte cell, and may, for example, be a film of a high molecular 
material, such as polypropylene. From the relation between lithium ion conductivity and the energy density, the thick- 
ness of the separator needs to be as thin as practicable. Specifically, the thickness of the separator of. for example, 
50 nm. may be preferred. 

30 [0052] The insulating gasket 7 is built as one into the anode can 3. The role of the insulating gasket 7 is to prevent 
leakage of the charged non-aqueous electrolyte solution from the anode can 3 and the cathode can 5. 
[0053] The non-aqueous electrolyte may be a solution of an electrolyte in a non-protonic non-aqueous solvent. 
[0054] As the non-aqueous solvent, use may be made of, for example, propylene carbonate, ethylene carbonate, 
butylene carbonate, vinylene carbonate, y-butyl lactone, sulfolane, 1 ,2-dimethoxyethane, 1 ,2-diethoxyethane. 2-methyl 

35 tetrahydrofuran, 3-methyl- 1 , 3-dioxolane, methyl propionate, methyl butyrate, dimethyl carbonate, diethyl carbonate, 
or dipropyl carbonate, etc. In particular from the perspective of voltage stability, cyclic carbonates, such as propylene 
carbonate, ethylene carbonate, butylene carbonate or vinylene carbonate, and chained carbonates, such as dimethyl 
carbonate, diethyl carbonate or dipropyl carbonate, may preferably be used. These non-aqueous solvents may be 
used either singly or in combination. 

40 [0055] The electrolytes dissolved in the non-aqueous solvent may be lithium salts, such as LiPFg, LiCI04, LiAsFg, 
LiBF4, LiCFaSOa and LiN(CF3S02)2. Of these lithium salts, LiPFg or LiBF4, in particular, are preferably employed. 
[0056] As the non-aqueous electrolyte cell of the present invention, the non-aqueous electrolyte cell 1 employing 
the non-aqueous electrolyte is taken as an example in the foregoing embodiment. However, the present invention is 
not to be limited to this embodiment, and may be suitably applied to such a case employing a solid electrolyte. As the 

45 solid electrolyte, any material having lithium ion conductivity property can bu used, such as an inorganic solid electrolyte 
or a high molecular solid electrolyte, such as gelated electrolyte. The inorganic solid electrolyte maybe lithium nitride 
or lithiumiodide. The high molecular solid electrolyte is composed of an electrolyte salt and a high molecular compound 
dissolving It. As the high molecular compound, ether based high molecular material, such as poly(ethylene oxide) or 
an cross-linked product thereof, a poly(methacrylate) ester based high molecular material or an acrylate-based high 

50 molecular material, may be used either singly or as a copolymer or as a mixture in the molecules. In this case, as a 
matrix of the gelated electrolyte, any of a variety of high molecular materials that may be gelated on absorption of the 
non-aqueous electrolyte solution, may be used. These high molecular materials may be exemplified by fluorine based 
high molecular materials, such as poly (vinylidene fluoride), poly (vinylidene fluoride-CO-hexafluoropropylene), ether 
based high molecular materials, such as poly (ethylene oxide) or cross-linked products thereof: and poly(acrylonitrile). 

55 Of these, the fluorine based high molecular materials are particularly desirable from the perspective of redox stability. 
[0057] The manufacturingmethod for the above-described non-aqueous electrolyte cell 1 is hereinafter explained. 
[0058] First, a composite material of Li^FeP04 and a carbon material, as the cathode active material, is synthesized 
by a manufacturing method, indicated below. 
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[0059] For synthesi7ing the cathode active material , Li, FeP04 as a starting material for synthesis is kneaded together, 
milled and sintered. At an optional time point in the course of the mixing, milling and sintering, a carbon catena is 
added to the kneaded starting materials for synthesis. As the Li«FeP04 starting materials for synthesis, L13PO4. L13 
(PO4), or a hydrate Fe3(P04)2 -nHsO thereof where n denotes the number of hydrates, are used. 
[0060] I n the following such a case Is explained in which lithium phosphate Li3P04 and Fe3(P04)2 -SHaO, synthesized 
as explained below are used as starting materials for synthesis, and in which, after adding a carbon matenal to these 
starting materials tor synthesis, a number of process steps are executed to synthesize the LiFeP04 carbon composite 

[OO61T' First the LiFeP04 starting materials for synthesis and the carbon material are mixed togetherto fomri a mixture 
by way of a mixing step. The mixture from the mixing step is then milled by a milling process, and the milled mixture 
then is fired by way of a sintering process. 

[0062] In the mixing process, lithium phosphate and ferrous phosphate octahydrate are mixed together at a pre-set 
ratio and further added to with a carbon material to form a mixture. 

[0063] This ferrous phosphate octahydrate, used as a starting material for synthesis, is synthesized by adding dis- 
odium hydrogen phosphate dodecahydrate(2Na2HP04.12H20) to an aqueous solution obtained on dissolving ferrous 
sulfide heptahydrate (FeSO^-THgO) in water and by allowing the resulting mass to dwell for a pre-set time. The reaction 
of synthesis of ferrous phosphate octahydrate may be represented by the following chemical formula (1): 

3FeSO.-7HpO + 2Na,HP04.12H20 Fe3(P04)2-8H20 + 2Na2S04 + STHgO (D 



[0064] In ferrous phosphate octahydrate. as the material for synthesis, there is contained a certain amount of Fe ^ 
resulting from the synthesis process. If Fe^* is left in the material for synthesis, a trivalent Fe compound is generated 
by sintering to obstruct single-phase synthesis of the LiFeP04 carbon composite material. It is therefore necessary to 
add a reducing agent to the starting materials for synthesis prior to sintering and to reduce Fe3+ contained in the starting 
mntcrials for synthesis at the time of firing to Fe2+. , , . • 

[0065] However, there is a limitation to the capability of the reducing agent in reducing Fe3* to Fe^^ by the reducing 
agont. such that, if the content of Fe3+ in the starting materials for synthesis is excessive, it may be an occurrence that 
Fo3' is not reduced in its entirety but is left in the LiFeP04 carbon composite material. 

30 [0066] It is therefore desirable that the content of Fe3+ in the total iron in the ferrous phosphate octahydrate be set 
10 61 wt% or less. By limiting the content of Fe3+ in the total iron in the ferrous phosphate octahydrate to 61 wt% or 
loss from the outset, single-phase synthesis ofthe LiFePO^cartaon composite material can be satisfactorily achieved 
without allowing Fe3+ to be left at the time of firing, that is without generating Impurities ascribable to Fe +. 
[0067] It should be noted that, the longer the dwell time in generating ferrous phosphate octahydrate, the larger 

J5 becomes the content of Fe3+ In the generated product, so that, by controlling the dwell time so as to be equal to a 
preset time, ferrous phosphate octahydrate having an optional Fe3+ content can be produced. The content of Fe3+ in 
the total iron in the ferrous phosphate octahydrate can be measured by the Mossbauer method. 
[0068] The cartjon material added to the starting materials for synthesis acts as a reducing agent for reducing Fe + 
to Fe2- at the time of sintering, even if Fe2+ contained in ferrous phosphate octahydrate as the starting materials for 

40 synthesis is oxidized to Fe3* by oxygen in atmosphere or due to sintering. Therefore, even if Fe3-^ is left in the starting 
materials for synthesis, impurities may be prevented from being generated to assure single-phase synthesis of the 
LiFeP04 cart3on composite material. Moreover, the carbon material acts as an antioxidant for preventing oxidation of 
Fe2- contained in the starting materials for synthesis to Fe3+. That is, the carbon material prevents oxidation to Fe3+ 
of Fe2* by oxygen present in atmosphere and in a firing oven prior to or during sintering. 

^5 [0069] That is the carbon material acts not only as an electrification agent for improving the electronic conductivity 
of the cathode active material but also as a reducing agent and as an antioxidant. Meanwhile, since this carbon matenal 
is a component of the LiFePO^ carbon composite material, there is no necessity of removing the carbon material 
following synthesis of the LiFeP04 carbon composite material. The result Is the improved efficiency in the preparation 
of the LiFePO. carbon composite material. 

50 [0070] It is noted that the carbon content per unit weight of the LiFeP04 carbon composite material be not less than 
3 wt%. By setting the carbon content per unit weight of the LiFeP04 carbon composite material to not less than 3 wt%. 
it is possible to utilize the capacity and cyclic characteristics inherent in LiFeP04 to Its fullest extent. 
[0071] In the milling process, the mixture resulting from the mixing process is subjected to milling in which pulven- 
zation and mixing arc carried out simultaneously By the milling herein is meant the powerful comminuting and mixing 

55 by a ball mill As the ball mill, any suitable known ball mill, such as a beads mill or an attriter, is used. 

[0072] By milling the mixture from the mixing process, the starting materials for synthesis and the carbon material 
can be mixed homogeneously. Moreover, if the starting materials for synthesis is comminuted by milling, the specific 



7 



BNSOOCID: <EP 1 19S827A2J_> 



EP 1 195 827 A2 

surface area of the starting materials for synthesis can be increased, thereby increasing the contact points of the 
starting materials for synthesis to accelerate the synthesis reaction in the subsequent sintering process. 
[0073] According to the present invention, the mixture containing the starting materials for synthesis is milled to set 
the tap density of the starting materials for synthesis to not less than 0.4 g/cc and not larger than 2.0 g/cc. In particular, 

5 the tap density of the starting materials for synthesis following the milling step is desirably not less than 0.6 g/cc and 
not larger than 2.0 g/cc. With the tap density of the starting materials for synthesis following the milling step as described 
above, the starting materials for synthesis are sufficiently comminuted to assure a sufficient contact area of the starting 
materials for synthesis in the sintering step. Thus^ with the present manufacturing method of the cathode active material, 
the reaction efficiency of the synthesizing reaction in the sintering step is satisfactory to assure reliable single-phase 

10 synthesis of the LiFeP04 carbon composite material, with the result that the non-aqueous electrolyte cell 1 having a 
high capacity and superior recycling characteristics may be achieved. 

[0074] If the milling gives starting materials for synthesis having a tap density less than 0.4 g/cc, the starting materials 
for synthesis are not comminuted sufficiently and are of only limited specific surface area. The result is only insufficient 
contact area between the starting materials for synthesis so that the reaction efficiency of the synthesis reaction in the 

15 next following sintering step is lowered. Moreover, if the milling yields the starting materials for synthesis having the 
tap density exceeding 2.0 g/cc, the synthesis reaction in the next following sintering step proceeds excessively to cause 
growth of crystal grain size excessively. Since this diminishes the specific surface area of LiFeP04 and the contact 
area thereof with the carbon material, the cathode active material produced Is inferior in electronic conductivity 
[0075] It is desirable that, by milling the mixture containing the starting materials for synthesis, the particle size 

20 distribution of the particle size not less than 3 be not largerthan 22% in terms of the volumetric integration frequency. 
With the particle size distribution of the starting materials for synthesis in the above range, the starting materials for 
synthesis has a surface area sufficient to produce surface activity for carrying out the synthesis reaction. Thus, even 
if the sintering temperature is of a low value of e.g., 600°C which is lower than the melting point of the starting materials 
for synthesis, the reaction efficiency is optimum, thus realizing the single-phase synthesis of the LiFeP04 cartoon com- 

25 posite material satisfactorily. 

[0076] Moreover, the milling is desirably executed so that the powder density of the LiFeP04 carbon composite 
material will be 2.2 g/cm^ or higher. By comminuting the starting materials for synthesis to yield the above defined 
powder density, the specific surface area of LiFeP04 and thus the contact area between LiFeP04 and the carbon 
material can be increased to improve the electronic conductivity of the cathode active material. 

30 [0077] Thus, by milling the mixture containing the starting materials for synthesis, such a cathode active material 
may be produced which is able to realize a high capacity non-aqueous electrolyte cell 1. 

[0078] In the compression step, the milled mixture is pressed for compaction so that the density of the as-compressed 
mixture, referred to below as press density, will be not less than 1 .71 g/cm^ and not larger than 2.45 g/cm^. By setting 
the press density of the mixture to not less than 1 .71 g/cm^ and not larger than 2.45 g/cm^, it is possible to diminish 
35 the gap between the starting materials for synthesis to provide a sufficient contact area between the starting materials 
for synthesis. By carrying out sintering as a sufficient contact, area is kept between the starting materials for synthesis, 
the synthesis reaction can be improved in reaction efficiency to provide for reliable single-phase synthesis of the 
LiFeP04 carbon composite material. If the press density is less than 1 .71 g/cm^. sufficient contact area cannot be kept 
between the starting materials for synthesis such that optimum reaction efficiency cannot be realized in the synthesis 
"^0 reaction in the sintering step. Moreover, If the press density is higher than 2.45 g/cm^, the synthesis reaction In the 
next following sintering step proceeds excessively to cause growth of crystal grain size excessively. The result is that 
the specific surface area of the LiFeP04 carbon composite material is diminished to reduce the contact area thereof 
with the electrically conductive material or the contact area between the cathode active materials, thus lowering the 
electronic conductivity of the cathode active material. 
45 [0079] The present manufacturing method for the cathode active material therefore includes a compression step of 
pressing the milled mixture, that is the starting materials for synthesis of the cathode active material, to a preset density, 
that is to a density not less than 1 .71 g/cm^ and not larger than 2.45 g/cm^, it is possible to effect optinnum single- 
phase synthesis of the cathode active material, that is the LIFeP04 carbon composite material. 
[0080] There is no particular limitation to means for pressing the milled mixture for compaction, and hence any suit- 
so able known means may be used. 

[0081] In the sintering step, the mixture obtained on compaction in the compression step is sintered. By sintering 
the mixture, lithium phosphate may be reacted with ferrous phosphate octahydrate to synthesize LiFePO^ 
[0082] The synthesis reaction of LiFeP04 may be represented by the following reaction formula(2): 



55 



U3PO4 + Fe3(P04)2 nHgO -> 3 LiFeP04 -h nHgO (2) 
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where n denotes the number of hydrates and is equal to 0 for an anhydride. In the chemical formula (2). Li3P04 is 

reacted with Fe3(P04)2 or its hydrate Fe3{P04)2 -nHaO where n denotes the number of hydrates. 

[0083] As may be seen from the chemical formula, no by-product is yielded if Fe3(P04)2 is u:^.ed as a starting materials 

for synthesis. On the other hand, if Fe3(P04)2 -nHaO is used, water, which is non-toxic, is by-produced. 

[0084] Conventionally, lithium carbonate, ammonium dihydrogen phosphate and ferrous acetate II, as syntheses 

materials, are mixed at a pre-set ratio and sintered to synthesize LiFeP04 by the reaction shown by the following 

chemical formula{3): 

□2003 + 2Fe(CH3COO)2 + 2NH4H2PO4 
2 UFeP04 + COg + HgO + 2NH3 + 4CH3COOH (3) 



[0085] As may be seen from the reaction formu!a(3). toxic by-products, such as ammonia or acetic acid, are generated 
15 on sintering with the conventional synthesis method for LiFeP04 So, a large-scale equipment, such as gas collector, 
is required for processing these toxic by-products, thus raising the cost. In addition, the yield of LiFeP04 is lowered 
because these by-products are generated in large quantities. 

[0086] According to the present invention, in which Li3P04. Fe3(P04)2 or its hydrate Fe3(P04)2 *nH20, where n 
denotes the number of hydrates, is used as the starting material for synthesis, targeted UFeP04 can be produced 

20 without generating toxic by-products. In other words, safety in sintering may be appreciably improved as compared to 
the conventional manufacturing method. Moreover, while a large-scale processing equipment is heretofore required 
for processing toxic by-products, the manufacturing method of the present invention yields only water, which is innox- 
ious, as a by-product, thus appreciably simplifying the processing step to allow to reduce size of the processing equip- 
ment. The result is that the production cost can be appreciably lower than if ammonia etc which has to be processed 

25 is by-produced in the conventional system. Moreover, since the by-product is yielded only in minor quantities, the yield 
of LiFeP04 may be improved significantly, 

[0087] Although the sintering temperature in sintering the mixture may be 400 to 900°C by the above synthesis 
method, it is preferably 600°C or thereabouts in consideration of the cell performance. If the sintering temperature is 
less than 400°C, neither the chemical reaction nor crystallization proceeds sufficiently such that there is the risk that 
30 the phase of impurities such as U3PO4 of the starting materials for synthesis may persist and thus the homogeneous 
LiFeP04 cannot be produced. If conversely the sintering temperature exceeds 900°C, crystallization proceeds exces- 
sively so that the LiFeP04 particles are coarse In size to decrease the contact area between LiFeP04 and the carbon 
material to render it impossible to achieve sufficient discharging capacity. 

[0088] During sintering. Fe in the LiFeP04 carbon composite material synthesized is in the bivalent state. So, in the 
35 temperature of the order of 600°C as the synthesis temperature, Fe in the LiFeP04 carbon composite material is 
promptly oxidized to Fe3+ by oxygen in the sintering atmosphere in accordance with the chemical fomiula shown by a 
following chemical fomnula (4): 



6FiFeP04 + 3/2O2 ^2Li3Fe2(P04)3 -»- fe^O^ (4) 



so that impurities such as trivalent Fe compounds are produced to obstruct the single-phase synthesis of the LiFeP04 
carbon composite material. 

[0089] So, inert gases, such as nitrogen or argon, or reducing gases, such as hydrogen or carbon monoxide, are 
used as the sintering atmosphere, while the oxygen concentration in the sintering atmosphere is prescribed to a range 
within which Fe in the LiFeP04 carbon composite material is not oxidized, that is to not larger than 1012 ppm (volume). 
By setting the oxygen concentration In the sintering atmosphere to 1012 ppm (volume) or less, it is possible to prevent 
Fe from being oxidized even at the synthesis temperature of 600°C or thereabouts to achieve the single-phase synthesis 
of the LiFeP04 carbon composite material. 

[0090] If the oxygen concentration in the sintering atmosphere is 1 01 2 ppm in volume or higher, the amount of oxygen 
in the sintering atmosphere is excessive, such that Fe in the LiFeP04 carbon composite material is oxidized to Fe^^ 
to generate impurities to obstruct the single-phase synthesis of the LiFeP04 carbon composite material. 
[0091] As for takeout of the sintered LiFeP04 carbon composite material, the takeout temperature ofthe sintered 
LiFeP04 carbon composite material, that is the temperature of the LiFeP04 carbon composite material when exposed 
55 to atmosphere, is desirably 305''C or lower. On the other hand, the takeout temperature of the sintered LiFeP04 carbon 
composite material is more desirably 204*»C or lower. By setting the takeout temperature of the LiFeP04 carbon com- 
posite material to SOS'^C or lower, Fe in the sintered LiFeP04 carbon composite material is oxidized by oxygen in 
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atmosphere to prevent impurities from being produced. 

[0092] If the sintered LiFeP04 carbon composite material is taken out In an insufficiently cooled state, Fe in the 

LiFeP04 carbon composite material is oxidized by oxygen in atmosphere, such that impurities tend to be produced. 
However, if the LiFeP04 carbon composite materia! is cooled to too low a temperature, the operating efficiency tends 
? to be lowered. 

[0093] Thus, by setting the takeout temperature of the sintered LiFeP04 carbon composite material to 305°C or 
lower, it is possible to prevent Fe in the sintered LiFeP04 carbon composite material from being oxidized by oxygen 
in atmosphere and hence to prevent impurities from being generated to maintain the operation efficiency as well as to 
synthesize the LiFeP04 carbon composite material having desirable characteristics as the cell with high efficiency. 

10 [0094] Meanwhile, the cooling of the as-sintered LiFeP04 carbon composite material is effected in a sintering furnace. 
The cooling method used may be spontaneous cooling or by forced cooling. However, if a shorter cooling time, that is 
a higher operating efficiency, is envisaged, forced cooling is desirable. In case the forced cooling is used, it is sufficient 
if a gas mixture of oxygen and inert gases, or only the inert gases, are supplied into the sintering furnace so that the 
oxygen concentration in the sintering furnace will be not higher than the aforementioned oxygen concentration, that is 

'5 1012 ppm (volume) or less. 

[0095] In the above, the carbon material is added prior to the milling step. Alternatively, the carbon material may also 
be added after the milling step or after the sintering step. 

[0096] However, if the carbon material is added after the sintering step, the reducing effect or the oxidation prevent- 
rti've effect during sintering cannot be obtained, such that the addition is useful only for improving the electrical con- 
duclivity. Thus, in case the carbon material Is added after the sintering step, it becomes necessary to prevent Fe^"^ 
from being left over by some other means. 

[0097] It is noted that, if the carbon material is added after the sintering step, the product synthesized on sintering 
IS nol the LiFeP04 carbon composite material but is LiFeP04. So, milling is again applied after the carbon material is 
added to LiFeP04 synthesized on sintering. By this second milling, the carbon material added is comminuted and 
honce Is more liable to become attached to the surface of LIFeP04. Moreover, by this second milling, LIFeP04 and 
tho carbon material are mixed sufficiently to permit the comminuted carbon material to be attached uniformly to the 
surface of LiFeP04. So, even in case the carbon material is added after sintering, it is possible to obtain a product 
Similar to one obtained on addition of a carbon material prior to milling, that is the LiFeP04 carbon composite material, 
as well as to achieve the favorable effect similar to that described above. 
30 [0098] In the foregoing, Li3P04, Fe3(P04)2 or its hydrate Fe3(P04)2-nH2, where n denotes the number of hydrates, 
IS used as the starting materials for synthesis for LijjFeP04. The present invention, however, is not to be limited to this 
and may be applied to such a case where lithium carbonate, ammonium dihydrogen phosphate and ferrous acetate it 
as the starting materials for synthesis for LiFeP04 carbon are mixed together at a preset ratio, sintered and reacted 
in accordance with the following formula (5): 

35 

LigCOa + 2Fe{CH3COO)2 + 2NH4H2PO4 
->2LiFeP04 + COg + HgO + 2NH3 + 4CH3COOH (5) 

40 

[0099] The non-aqueous electrolyte cell 1 , employing the LiFeP04 carbon composite material, obtained as described 
above, as the cathode active material, may be prepared e.g., as follows: 

[01 00] For preparing the anode 2, an anode active material and a binder are dispersed in a solvent to form a slurried 
anode mixture. The so produced anode mixture is coated evenly on a current collector and dried in situ to form a layer 
of an anode active material to fomn the anode 2. As the binder for the anode mixture, any suitable binder of the known 
type may be used, or a binder of the known type may be added to the anode mixture. Alternatively, metal lithium as 
an anode active material may directly be used as the anode 2. 

[0101] As the cathode 4, an LIFeP04 carbon composite materials as the cathode active material and a binder are 
mixed together to form a cathode mixture which then is dispersed In a solvent to form a slurry. 
50 J01 02] The so produced slurried cathode mixture was uniformly coated on a current collector and dried in situ to form 
a layer of a cathode active materia! to complete the cathode 4. As the binder for the cathode mixture, any suitable 
binder of the known type may be used, or a binder of the known type may be added to the cathode mixture. 
[0103] The non-aqueous electrolyte solution may be prepared by dissolving an electrolyte salt in a non-aqueous 
solvent. 

55 [01 04] The anode 2 is inserted into the anode can 3, the cathode 4 is inserted into the cathode can 5 and the separator 
6 comprised of a polypropylene porous film is arranged between the anode 2 and the cathode 4. A non-aqueous 
electrolyte solution was charged into the anode can 3 and the cathode can 5. The anode can 3 and the cathode can 
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5 were caulked and secured together, via insulating gasket 7. placed in-between, to complete a coin-shaped non- 
aqueous electrolyte cell 1 . t- or^ 
[0105] The non-aqueous electrolyte cell 1 . prepared as described above, is of high capacity because the LiFeP04 
carbon composite material, obtained on single-phase synthesis, is used as the cathode active material. 
[0106] There is no particular limitations to the shape of the non-aqueous electrolyte cell 1 embodying the present 
invention, such that it may be cylindrically-shaped, square-shaped, coin-shaped or button-shaped, while it may be of 
desired variable sizes, such as of a thin type or of a large format. 

Examples 

[0107] The first aspect of the present invention is now explained based on specified experimental results. For check- 
ing for the favorable effect of the present invention, an LiFePO^ carbon composite material was prepared and, using 
the so produced LiFeP04 carbon composite material as cathode active material, a non-aqueous electrolyte cell was 
prepared to evaluate its characteristics. 

Example A-1 

[0108] An LiFeP04 carbon composite material, as cathode active material, was synthesized. The manufacturing 
method for this cathode active material is now explained. 
20 [0109] First. U3PO4 and Fe3(P04)2-8H2O were mixed to yield a lithium to iron elementary ratio of 1 :1 and acetylene 
black powders were added in an amount of 1 0 wt7o of the entire sintered product to yield a mixture. This mixture and 
alumina balls 10 mm in diameter were then charged into an alumina vessel, having a volumetric capacity of 500 cc. 
with the mixture to alumina ball mass ratio of 1 :200, and were placed on a rotary table for ball milling. Then, using a 
ball mill, the mixture was milled under the following conditions: 

25 

Ball Milling Conditions 
[0110] 

30 rotary speed of the vessel: 150 rpm 

driving time: 120 hours 

[01 11] 500 cc of the milled mixture then was charged into a die of stainless steel 1 5.5 mm in diameter and pressed 
by a manual hydraulic press to a pressure of 2.0 Vcw^ to form a pellet. The press density of the mixture was found 
35 from the weight of the weight pellet by calculating the volume from the pellet thickness. 

[0112] Finally, the pellet was charged into a ceramic crucible and fired for five hours at 600»C in an electrical oven 
maintained in a nitrogen atmosphere to form an LiFeP04 carbon composite material. 

[01 1 3] 85 parts by weight of the so produced LiFeP04 carbon composite material. 1 0 parts by weight of acetylene 
black, as an electrification agent, and 5 parts by weight of poly (vinylidene fluoride), as fluorine resin powders, as a 

40 binder, were mixed together and molded under pressure to fornn a pellet-shaped cathode. 

[01 14] A foil of metal lithium was then punched to substantially the same shape as the cathode to form an anode. 
[0115] Then, LiPFg was dissolved in a solvent mixture comprised of equal volumes of propylene carbonate and 
dimethyl carbonate, at a concentration of 1 mol/l, to prepare a non-aqueous electrolyte solution. 
[0116] The cathode, thus prepared, was charged into the cathode can, while the anode was held in the anode can 

45 and the separator was arranged between the cathode and the anode. The non-aqueous electrolytic solution was in- 
jected into the anode can and into the cathode can. The anode can and the cathode can were caulked and secured 
together to complete a 2016 type coin-shaped lest cell with 20.0mm in its diameter and 1 .6mm in thickness. 



50 



55 



Example A-2 

[0117] A coin-shaped test cell was prepared in the same way as in Example A-1 , except using the pressure of 2.1 
t/cm2 as the pressure for molding the milled mixture. 

Example A-3 

[0118] A coin-shaped test cell was prepared In the same way as in Example A-1 . except using the pressure of 2.2 
t/cm2 as the pressure for molding the milled mixture. 
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Example A-4 

[0119] A coin-shaped test cell was prepared in the same way as in Example A-1, except using the pressure of 2.3 
t/cm2 as the pressure for molding the milled mixture. 

5 

Example A-5 

[0120] A coin-shaped test cell was prepared in the same way as in Example A-1, except using the pressure of 2.4 
t/cm2 as the pressure for molding the milled mixture. 

10 

Comparative Example A-1 

[0121] A coin-shaped test cell was prepared in the same way as In Example A-1 , except using the pressure of 1 .5 
t/cm^ as the pressure for molding the milled mixture. 

15 

Comparative Example A-2 

[01 22] A coin-shaped test cell was prepared In the same way as in Example A-1 , except using the pressure of 1 .6 
t/cm2 as the pressure for molding the milled mixture. 

20 

Comparative Example A-3 

[0123] A coin-shaped test cell was prepared in the same way as in Example A-1 , except using the pressure of 1 .7 
t/cm2 as the pressure for molding the milled mixture. 

25 

Comparative Example A-4 

[0124] A coin-shaped test cell was prepared in the same way as in Example A-1 , except using the pressure of 1 .8 
t/cm2 as the pressure for molding the milled mixture. 

30 

Comparative Example A-5 

[0125] A coin-shaped test cell was prepared in the same way as in Example A-1 , except using the pressure of 1 .9 
t/cm2 as the pressure for molding the milled mixture. 

35 [0126] X-ray diffractometry was carried out on the cathode active material synthesized in Examples A-1 to A-5 and 
Comparative Examples A1 to A-5. The results are shown in Table A-1 , in which the test cells were matched to the 
powder X-ray diffraction lines stated in JCPDS-IMo.401 499 and in which no other diffraction lines were observed, are 
marked with Oas being test cells where LiFeP04 was prepared by single-phase synthesis, while the test cells in which 
the test cells were not matched to the powder X-ray diffraction lines stated in JCPDS-No.401 499 or in which, ifthe test 

^0 cells were matched to the powder X-ray diffraction lines but other diffraction lines were observed, are marked with x 
as being test cells where LiFeP04 was not prepared by single-phase synthesis. 



Table A-1 





molding pressure (t/cm2) 


press density (g/cm3) 


syntheslzabiilty 


discharge capacity 
density (mAh/g) 


Comp. Ex.A-1 


1.5 


1.45 


X 


2.3 


Comp. Ex.A-2 


1.6 


1.50 


X 


2.6 


Comp. Ex.A-3 


1.7 


1.54 


X 


3.0 


Comp. Ex.A-4 


1.8 


1.59 


X 


3.3 


Comp. Ex. A-5 


1.9 


1.65 


X 


3.7 


Ex.A-1 


2.0 


1.71 


O 


4.1 


Ex.A-2 


2.1 


1.73 


O 


4.2 


Ex.A-3 


2.2 


1.76 


O 


4.2 
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Table A-1 (continued) 





molding pressure (t/cnn2) 


press density (g/cm3) 


synthesizability 


discharge capacity 
density (nnAh/g) 


Ex.A-4 


2.3 


1.77 


O 


4.2 


Ex.A-5 


2.4 


1.80 


O 


4.2 



[0127] It is seen from Table A-1 that the Examples A-1 to A-5 in which the pressure used in molding the nnilted mixture 
to is not less than 2.0 t/cm^, that is the press density is not less than 1 .71 g/cm^, are matched to the powder X-ray 
diffraction lines prescribed in JCPDS-No.401499 and are free from other diffraction lines, so that, in these Exannples, 
the LiFeP04 carbon composite material was synthesized in a single phase. 

[0128] Conversely, with the Comparative Examples A-1 to A-5, in which the pressure used in molding the milled 
mixture was not higher than 1.9 t/cm2, that is in which the pres density is not higher than 1.65 g/cm^, diffraction lines 

15 ascribable to Li3P04 or Li3Fe2(P04)3, not prescribed in JCPDS-No.401 499, are identified In the sintered product, thus 
indicating that there occurred no single-phase synthesis of the LiFeP04 carbon composite material. This is presumably 
attributable to the fact that, since the press density was too low and hence no sufficient contact area was provided for 
the starting materials for synthesis of the LiFeP04 carbon composite material, the synthesis reaction of LiFeP04 was 
not allowed to proceed such that an impurity was left over in the sintered product. 

20 [0129] It is said from above that, by setting the press density of the starting materials for synthesis of the LiFeP04 
carbon composite material, charged to the sintering step, to not less than 1 .71 g/cm^. single-phase synthesis of the 
starting materials for synthesis of the LiFeP04 carbon composite material may occur satisfactorily 
[0130] In the coin-shaped test cells of the Examples A-1 to A-5 and Comparative Examples A-1 to A-5. prepared as 
described above, the following charging/discharging tests were carried out to evaluate the initial discharging capacity 

25 density. 



<Charging/discharging test> 

[0131] Each test cell was charged at a constant current. When the cell voltage reached 4.2 V, the constant current 
charging was switched to constant voltage charging, and charging was carried out as the voltage was maintained at 
4.2 V. The charging was discontinued at a time point the cell voltage fell to 2.0 V. Both the charging and the discharging 
were carried out at ambient ten (25°C) and the current density at this time was set to 0.1 mA/cm2. The results are also 
shown in Table A-1 . 

[0132] As may be seen from Table A-1, with the Examples A-1 to A-5 in which the pressure used in molding the 
milled mixture was 2.0 t/cm2 or higher, that is in which the press density was 1 .71 g/cm^ or higher, the initial discharging 
capacity density showed satisfactory values. 

[0133] Conversely, with the Comparative Examples 1 to 5, in which the pressure used in molding the milled mixture 
was 1 .9 t/cm2 or lower, that Is in which the press density was 1 .65 g/cm^ or lower, the initial discharging capacity density 
showed only low values. This is presumably attributable to the fact that, since the press density was too low, synthesis 
of LiFeP04 fails to proceed such that the LiFeP04 carbon composite material as the cathode active material fails to 
be produced in a single phase and hence the amount of the cathode active material contributing to the cell reaction is 
only small. 

[0134] It is said from above that, since the starting materials for synthesis of the LiFeP04 carbon composite material 
may be synthesized satisfactorily in a single phase by setting the press density of the materials for synthesis of the 
LiFeP04 carbon composite material charged into the firing step to 1.71 g/cm^ or higher, the cathode active material 
having superior initial discharge capacity density and hence the non-aqueous electrolyte cell having superior initial 
discharge capacity density may be produced. 

[0135] Next, another case was searched, in which case the pressure used in molding the milled product was greatly 
raised. 

Example A-6 

[0136] A coin-shaped test cell was prepared In the same way as in Example A-1 except setting the diameter of the 
die of stainless steel to 10 mm and setting the molding pressure to 4.8 t/cm2. for elevating the pressure used in molding 
the milled mixture. 
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Example A-7 

[0137] A coin-shaped test cell was prepared in the same way as in Example A-1 except setting the diameter of the 
die of stainless steel to 1 0 mm and setting the molding pressure to 5.0 t/cm^, for elevating the pressure used in molding 
5 the milled mixture. 

Comparative Example A-6 

[0138] A coin-shaped test cell was prepared in the same way as in Example A-1 except setting the diameter of the 
10 die of stainless steel to 1 0 mm and setting the molding pressure to 5.3 t/cm^, for elevating the pressure used in molding 
the milled mixture. 

Comparative Example A-7 

15 [0139] A coin-shaped test cell was prepared in the same way as in Example A-1 except setting the diameter of the 
die of stainless steel to 1 0 mm and setting the molding pressure to 5.5 t/cm^, for elevating the pressure used in molding 
the milled mixture. 

[0140] X-ray ditfractometry was carried out on the cathode active material synthesized in Examples A-6, A-7 and 
Comparative Examples A-6, A-7. The results are shown in Table A-1 , in which the test cells were matched t the powder 
20 X-ray diffraction lines stated In JGPDS-No.401499 and in which no other diffraction lines were observed are marked 
with O as being test cells where LiFeP04 was prepared by single-phase synthesis, while the test cells In which the 
test cells were not matched to the powder X-ray diffraction lines stated in JCPDS-No.401499 or in which, if the test 
cells were matched to the powder X-ray diffraction lines but other diffraction lines were observed are marked with x 
as being test cells where LiFePO^ was not prepared by single-phase synthesis. 

25 



Table A-2 





molding pressure (t/cm2) 


press density (g/cmS) 


synthesizability 


discharge capacity 
density (mAh/g) 


Ex.A-6 


4.8 


2.41 


O 


3.9 


Ex.A-7 


5.0 


2.45 


O 


3.2 


Comp. Ex.A-6 


5.3 


2.48 


O 


2.3 


Comp. Ex.A-7 


5.5 


2.50 


o 


2.0 



[0141] It may be seen from Table A-2 that all of the cathode active materials were matched to the powder X-ray 
diffraction lines prescribed in JCPDS-No. 401499, with there being no other diffraction lines identified, thus testifying 
to the fulfillment of the single-phase synthesis of the LiFePO^ carbon composite material. This is presumably attribut- 
able to the fact that, since the press density was high, sufficient contact area could be assured between the starting 
materials for synthesis of the LiFeP04 carbon composite material, while the synthesis reaction of LiFeP04 proceeded 
satisfactorily so that no Impurity was left over in the sintered product. 

[0142] On the coin-shaped test cells of the Examples A-S, A-7 and Comparative Examples A-6, A-7, charging/dis- 
charging tests were carried out In the same way as described above to evaluate the initial discharge capacity density. 
The results are also shown in Table A-2. 

[0143] It may be seen from Table A-2 that the Examples A-6 and A-7, for which the pressure used In molding the 
milled mixture is 5.0 t/cm^, that is in which the press density Is 2.45 g/cm^ or less, exhibits optimum Initial discharge 
capacity density. 

[0144] Conversely, with the Comparative Examples A-6 and A-7, for which the pressure used in molding the milled 

mixture is 5.3.t/cm2, that is in which the press density is 2.48 g/cm^ or higher, the initial discharge capacity density is 
lower. This is presumably attributable to the fact that, if the pressure used in molding the milled mixture is raised to 5.3 
t/cm2 that is if the press density is raised to 2.48 g/cm^, the contact area between the starting materials for synthesis 
of the LiFeP04 carbon composite material is excessively large, with the synthesis reaction of LiFeP04 carbon pro- 
ceeding excessively to cause the grains of LiFeP04 to grow excessively, as a result of which the contact area between 
the LiFeP04 carbon composite material and the electrically conductive material is decreased to lower the electronic 
conductivity of the LiFeP04 carbon composite material. 

[0145] It is said from above that, by setting the press density of the starting materials for synthesis of the LiFeP04 
carbon composite material, charged into the sintering step, to not less than 1 .71 g/cm^ and to not higher than 2.45 g/ 
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cm3, the starting materials for synthesis of the LiFeP04 carbon composite material can be synthesized satisfactorily, 
thus realizing a cathode active material superior in initial discharge capacity density and hence a non-aqueous elec- 
trolyte cell having superior initial discharge capacity density can be produced. 

[0146] As the cathode active materials. U^fe^.yUyPO^ carbon composite materials other than the LiFeP04 carbon 
5 composite material were synthesized and cells employing these cathode active materials were prepared to evaluate 
their characteristics. 

Example A-8 

10 [0147] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing LiFeQ 2Mno 8PO4 
in place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
were achieved. 

15 Example A-9 

[0148] A coin-shaped test cell was prepared in the same way as In Example A-1 except employing LiFeQ gCrQ QPO4 
in place of the LiFeP04 carbon composite as the cathode active material, and subjected to the charging/discharging 
lest as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 were achieved. 

20 

Example A-10 

[0149] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing LiFeQ 2^00 3^04 
in place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
25 discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
were achieved. 

Example A-11 

30 [0150] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing LiFeo.2Cuo 8PO4 
in place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
were achieved. 

35 Example A-1 2 

[0151] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing LiFeo.2Nio.8PO4 
In place of the LIFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
40 were achieved. 

Example A-1 3 

[0152] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing 
45 UFoq 25V0 75PO4PO4 in place of the LiFeP04 carbon composite material as the cathode active material, and subjected 
to the charging/discharging test as described above. It was found that favorable effects similar to those of the Examples 
A-1 to A-7 were achieved. 

Example A-1 4 

50 

[0153] Acoin-shapedtestcell waspreparedinthesame way as in Example A-1 except employing LiFeo 25M00.75PO4 
In place of the LIFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
were achieved. 

55 

Example A- 15 

[01 54] A coin-shaped test cell was prepared In the same way as in Example A-1 except employing LiFeo.25Tio.75P04 
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in place of the LiFePO^ carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those ofthe Examples A-1 to A-7 
were achieved. 

5 Example A-1 6 

[0155] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing Li Feo 3200.7^04 
in place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
10 were achieved. 

Example A-1 7 

[0156] A coin-Shaped test cell was prepared in the same way as in Example A-1 except employing LiFeo.3Alo7P04 
15 in place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
were achieved. 



20 
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Example A-1 8 



[0157] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing LiFeo.3Gao.7PO4 
In place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 
were achieved. 



Example A- 19 

[01 58] A coin-shaped test cell was prepared in the same way as in Example A- 1 except employing LiFeo.25Mgo.75P04 
in place ofthe LiFeP04 carbon composite material as the cathode active material and subjected to the charging/dis- 
30 charging test as described above. It was found that favorable effects similar to those of the Examples A-1 to A-7 were 
achieved. 

Example A-20 

35 [0159] A coin-shaped test cell was prepared in the same way as In Example A-1 except employing LiFeo 25B0.75PO4 
in place of the LiFeP04 carbon composite material and as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those ofthe Examples A-1 to A-7 
were achieved. 

40 Example A-21 

[01 60] A coin-shaped test cell was prepared in the same way as in Example A-1 except employing LiFeo.25Nbo.75P04 
In place of the LiFeP04 carbon composite material as the cathode active material, and subjected to the charging/ 
discharging test as described above. It was found that favorable effects similar to those of the Examples A- 1 to A-7 
45 were achieved. 

[0161] Next, a polymer cell was prepared to evaluate its characteristics. 

Example A-22 

50 [01 62] A gelated electrode was prepared as follows: First, polyvlnylidene fluoride, in copolymerized with 6.9 wt% of 
hexafluoropropylene, a non-aqueous electrolyte and dimethyl carbonate, were mixed, agitated and dissolved to a sol- 
like electrolytic solution. To the sol-like electrolytic solution was added 0.5 wt% of vinylene carbonate VC to form a 
gelated electrolytic solution. As the non-aqueous electrolyte solution, such a solution obtained on mixing ethylene 
carbonate EC and propylene carbonate PC at a volumetric ratio of 6:4 and on dissolving UPFg at a rate of 0.85 mol/ 

55 kg in the resulting mixture, was used. 

[0163] A cathode was then prepared as follows: First. 85 parts by weight of the LiFeP04 carbon composite matenal. 
prepared in Example A-1. 10 parts by weight of acetylene black, as an electrification agent, and 5 parts by weight of 
poly (vinylidene fluoride), in the form of fluorine resin powders, as a binder, were mixed together, and added to with N- 
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10 



methyl pyrrolidone to yield a slurry, which slurry was then coated on an aluminum foil 20 ,n th.ckness, dr^d ,n s^u 
TndeJ heating and pressed to form a cathode coating film, A gelated electrolytic so ut.on then was applied to one 
suSce of the cathode coating film and dried in situ to remove the solvent. The resulting product was punched to a 
circle 15 mm in diameter, depending on the cell diameter, to form a cathode electrode. 

mmi The anode then was prepared as follows: First, 10 wt% of fluorine resin powders, as a binder, were mixed 
ntL grap^L powers, and added' o with N-methyl pyrrolidone to form a slurry, which then was coated on a copper 
iX dried in sUu under heating, pressed and punched to a circle 1 6.5 mm in diameter, depending on the cell diameter, 

VeT^ "Thrca^ode'thut prepared, was charged into the cathode can, while the anode was held in the anode can 
a nd the separato was arranged between the cathode ar,d the anode. The anode can and the cathode can were caulked 
and secured togirer to complete a 2016 type coin-shaped lithium polymer cell having a diameter of 20 mm and a 

thickness of 1 .6 mm. 
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Example A-23 

[01661 in preparing the cathode, the LiFeP04 carbon composite material, prepared in Example A-5. was used. A 
ccin.shaDod liihium polymer cell was prepared in otherwise the same way as in Example A-22. 
fo 6^ The coin.shaped test cells of the Examples A-22 and A.23. prepared as described above, the chargmg d, ^ 
ch.rgmg lesis wcmc conducted as now explained to find the initial discharging capacity and the capacity upkeep ratio 
at\oi 30 cycles. 

<Tcsl of charging/discharging cyclic characteristics> 

[01 68] The chargmg/discharging cyclic characteristics were evaluated based on the capacity upkeep ratio after re- 

S "E:?hTJ:::^:2d^ithiu. polymer cell was charged at a constant current and, at a time point the c^l vo.age 
eachid 4.2 V. the constant current charging was switched to constant voltage charging and charging was ou^ 
as the cell voltage was kept at 4.2 V. The charging was terminated at a time point the current '° J^^l'^^ 

cm2 or less Each test was then discharged. The discharging was terminated at a t.nr,e po.nt the cell -^''^g^J^'^o ^ ° 
f01701 With the above process as one cycle, 30 cycles were carried out, and the discharging capacity at the f rst 
Snd7hataahe30thcyclewerefound.Theratioofthedischargingcapacityatthe30thcyd 

capacity at the first cycle (C1 ), or (C2/C1 ) x 1 00. was found as the discharge capacity upkeep ratio. Meanwhi^. both 
the chSgtng and the discharging were carried out at ambient temperature (25»C). as the current density at this t.me 
was set to 0.1 mA/cm^. The results are shown in Table 3. 



Table A-3 




press density (g/cm^) 


initial discharge capacity density 
(mAh/g) 


discharge capacity upkeep ratio after 
30 cycles (%) 


Ex.A-22 


1.71 


154 


95.2 


Ex.A-23 


1.80 


155 


94.9 



50 



r017n As may be seen from Table A-3, the Examples A-22 and A-23, employing the cathode active materials of 
Examples A-1 and A-5 exhibit satisfactoiy values of both the Initial discha.^ge cBpacity density and the -apa^j^V "P^Ji^P 
fSo Lr 30 cycles. It may be confirmed from this that the cat^.od. aC- - - - '"^ t° ^P-^^^^^^^^ 

yields the favorable effect of improving the discharge capac -jv 3 a geiaiea eieciroiyie m pit. 

of the non-aqueous electrolyte solution as the non-aqueous r ' ^ .k i -cor. ^=.rh«n 

[01721 AS the cathode active materials, Li,Fe,.,M,P04cr .nposite materials other than the UFeP04 ca bon 
connposite material were synthesized and cells employir ^-se cathode active materials were prepared to evaluate 
their characteristics. 



55 



Example A-24 

[01731 A coin-Shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
UFeo aMnosPO^ in place of the LiFePO^ carbon composite material as the cathode active --'3-;;^X9j^^^ 
pressure uid in moving the milled mixture to 2.0 t/cm2. that is setting the press density to 1 .71 S'^^'^" J^^^J^^ 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
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Examples A-22 and A-23 were achieved. 

Example A-25 _ ^ 

[0174] A coin-shaped lithium polymer cell was prepared in me.s^^<='way as in Example A-22 except employing 
UFeo2Cro8P04 place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixturo to 2.0 t/cm^, that is setting the press density to 1 .71 g/cm^, and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 

Example A-26 

[0175] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
LiFeo2Coo8P04 place of the LiFeP04 carbon composite material as the cathode active material and setting the 
J5 pressure used in molding the milled mixture to 2.0 t/cm^. that is setting the press density to 1 .71 g/cm^, and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 
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Example A-27 



[0176] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
LiFeo2Cuo8P04 in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^, and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
25 Examples A-22 and A-23 were achieved. 

A-28 

[0177] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
30 LiFeo2NioaP04 P'ace of the LiFeP04 carlDon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^. and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 

35 Example A-29 

[0178] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
LiFeo 25V0 75PO4 in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^, and subjected 
40 to the charging/discharging cyclic test as described above, it was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 

Example A-30 

45 [0179] A coin-: • ..-n polymer cell was prepared in the same way as in Example A-22 except employing 

LiFeo 25M00 75PO4 in place of the LIFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^. and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 



Example A-31 



[0180] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
LiFeo 25"rio75P04 place of the LiFeP04 carbon composite material as the cathode active material and setting the 
55 pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm3, and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 
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Example A-32 



[0181] A coin-shaped lithium polymer cell was prepared In the same way as in Example A-22 except employing 
LiFeo 3Zno 7PO4 in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2. that is setting the press density to 1 .71 g/cm^, and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 



Example A-33 

10 

[0182] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
UFeoaAloyPO^ in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^. and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
15 Examples A-22 and A-23 were achieved. 

Example A-34 

[0183] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
20 LiFeo 3Cao7P04 in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2. that is setting the press density to 1 .71 g/cm^, and subjected 
to the charging/discharging cyclic test.as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 

25 Example A-35 

[0184] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
LiFeo 251^90 P'^^® LiFeP04 carbon composite material as the cathode active material and setting the 

pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^, and subjected 
30 to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 

Example A-36 

35 [0185] A coin-shaped lithium polymer cell was prepared in the same way as In Example A-22 except employing 
LiFeo 25B075PO4 in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^, and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 to A-23 were achieved. 



Example A-37 



[0186] A coin-shaped lithium polymer cell was prepared in the same way as in Example A-22 except employing 
LiFeo 25Nbo75P04 in place of the LiFeP04 carbon composite material as the cathode active material and setting the 
45 pressure used in molding the milled mixture to 2.0 t/cm2, that is setting the press density to 1 .71 g/cm^. and subjected 
to the charging/discharging cyclic test as described above. It was found that favorable effects similar to those of the 
Examples A-22 and A-23 were achieved. 

[01 87] The second aspect of the present invention is now explained based on specified experimental results. 
so Example B-1 

Preparation of cathode active material 

[0188] First, Li3P04 and Fe3{P04)2 -SHgO were mixed to yield a lithium to iron elementary ratio equal to 1:1. To the 
55 resulting mixture were added ketchen black powders, having the first-order particle size of 0.3 ^im. The mixture and 
the alumina balls, each 10 mm in diameter, were charged into an alumina pot 100 mm in diameter, with the weight 
ratio of the mixture to the alumina balls equal to 1 :2. The mixtu re was milled using a planetary ball mill. As this planetary 
ball mill, a planetary rotating pot mill fortest, manufactured by ITO SEISAKUSHO KK under the trade name of LA-PO4, 
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was used, and the mixture was milled under the following conditions: 
Conditions for planetary ball nnilling 

radius of rotation about sun gear: 200 mm 
5 number of revolutions about the sun gear: 230 rpm 

number of revolutions about a planetary gear itself: 230 rpm 
driving time duration: 10 hours. 

[0189] The tap density of the milled mixture was measured using an Ishiyama type volume tester shown in Fig. 4. 
10 [0190] As shown in Fig. 5, this tester is comprised of a test box 12, having a rubber sheet 1 1 laid on its bottom, two 
metal pipes 13 each holding therein a graduated test tube with a capacity of 20 ml. and a rotary blade 14 for allowing 
descent ofthese metal tubes 13 from a preset height. 

[01 91 ] The metal tube 1 3 is of a size sufficient to hold a graduated test tube 1 5 of the capacity of 20 ml (capacity of 
20 mL weight of 15 to 1 6 g, height A of 174 to 176 mm, outer diameter B of 16 to 17 mm and an inner diameter of 14.7 
»5 lo 15.7 mm), and is supported for movement vertically in the test box 12. This metal tube 13 is fitted with an upper 
flange 15 and may have its opening closed by a lid 17. This lid 17 and the flange 16 are Interconnected by a spring 
18 The lid 1 7 Is detached by extension or contraction of the spring 18 to permit and insertion or removal of the test 
luDc 15 The ltd 17 is adapted not to be disengaged by the resilient force of the spring 18 when the metal tube 13 is 
moved verliCrtily. 

20 [0192] As shown in Fig. 6, The rotary blade 14, arranged between the twp metal tubes 13, has two equally spaced 
apart hook-shaped blades 19, and is supported at a preset height position by rotary shafts 20, 21 traversing the left 
and right wall sections of the test box 12. That is, this rotary blade 14 compresses against the lower surface of the 
flange 1 6 o( ihe metal lube 1 3 when the two blades 1 9 are at respective upper positions. The rotary blade 1 4 is supported 
at a position such that, when rotated, uplifts this flange 16 whereby height h of the bottom surface of the metal tube 

25 13 from the rubber sheet 11 of the will be 45 mm. 

[0193] The rotary shaft 21 , carrying the rotary blade 14, is connected to a motor 22 placed outside of the test box 
12, so as to be rotated through the rotary shaft 21 by the driving force of the motor 22. The other rotary shaft 20, 
supporting the rotary blade 14, carries a counter 23 allowing to measure the rpm of the rotary blade 14. 
[0194] So, the rotary blade 14 of the metal tubes 13 is run in rotation by the motor 22 so that the two blades 19, 19 

30 are uplifted to a position 45 mm above the bottom, each time the two blades 1 9 are contacted with and separated away 
from the flange 16, with the blades 19, 19 descending onto the rubber plate 11 from this position.. The number of times 
of descent is measured by the counter 23. 

[0195] The tap density of the cathode active material is measured using the above tester as follows: 

35 First. 5 to 10 g, such as 10 g, of a sample, accurately weighed, are quietly charged into a graduated test tube 15 

of 20 ml. The volume at this time, that is apparent tap density, is read out with the graduations. The test tube 15, 
having the sample thus set therein, is held in the metal tube 13. The lid 17 is closed, the rotary blade 14 is run in 
rotation and the metal tube 13 is caused to descent from a position 45 mm above the bottom. This sequence of 
descent operations is repeated 40 times at a rate of one descent per two seconds. After descent of the metal tube 

^0 13 in this manner, the volume of the sample in the test tube 3 (permanent tap density) is then read with the grad- 

uations. 

[0196] The tap density is measured based on the equation: tap density (g/cc) = sample (g)/ volume (cc). Meanwhile, 
this test is conducted for four test tubes and the results of the test are averaged to give a tap density of the starting 
"fs materials for synthesis following the milling. With this measurement, the tap density of the mixture following the milling 

In the Example B-1 was 0.40 g/cc. 

[0197] The mixture following the measurement of the tap density was charged into a ceramic crucible and sintered 
for five hours at 600°C in an electrical oven maintained in a nitrogen atmosphere to produce an LiFeP04 carbon 
composite material as a cathode active material. 

50 

<Preparation of test cell with use of a non-aqueous electrolyte solution> 

[0198] A non-aqueous electrolyte cell, employing the LiFeP04 carbon composite material, obtained as described 
above, was prepared. 

55 [0199] First, 95 parts by weight of the LiFeP04 carbon composite material, prepared in Example B-1 as the cathode 
active material, 10 parts by weight of acetylene black, and 5 parts by weight of poly (vinylidene fluoride), in the form 
of fluorine resin powders, as a binder, were mixed together and molded under pressure to fomi a pellet-shaped cathode 
having a diameter of 15.5 mm and a thickness of 0.1 mm. 
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[0200] A foil of metal lithium was then punched to substantially the same shape as the cathode to form an anode. 
[0201] Then, a non-aqueous electrolyte solution was prepared by dissolving LiPFg in a solvent mixture comprised 
of equal volumes of propylene carbonate and dimethyl carbonate, at a concentration of : mol/L to prepare a non- 
aqueous electrolyte solution. 

[0202] The cathode, thus prepared, was charged into the cathode can, while the anode was held in the anode can 
and the separator was arranged between the cathode and the anode. The non-aqueous electrolytic solution was in- 
jected into the anode can and into the cathode can. The anode can and the cathode can were caulked and secured 
together to complete a 2016 type coin-shaped non-aqueous electrolyte cell having a diameter of 20.0mm and a thick- 
ness of 1.61mn. 



Example B-2 



[0203] An LiFeP04 carbon composite material was prepared in the same way as in Example B-1 , except setting the 
number of revolutions about the sun gear and that about the planetary gear itself of the planetary ball mill to 250 rpm, 
15 and a coin-shaped test cell was prepared using the so produced LiFeP04carbon composite material as cathode active 
material. 

Example B-3 

20 [0204] An LiFeP04 carbon composite material was prepared in the same way as in Example B-1 , except setting the 
number of revolutions about the sun gear and that about the planetary gear itself of the planetary bat! mill to 270 rpm, 
and a coin-shaped test cell was prepared using the so produced LiFeP04 carbon composite material as cathode active 
material, 

25 Example B-4 

[0205] An LiFeP04 carbon composite material was prepared in the same way as in Example B-1 . except setting the 
number of revolutions about the sun gear and that about the planetary gear itself of the planetary ball mill to 320 rpm. 
and a coin-shaped test cell was prepared using the so produced LiFeP04 carbon composite material as cathode active 
30 material. 

Comparative Example B-1 

[0206] An UFeP04 carbon composite material was prepared in the same way as in Example B-1 , except setting the 
35 number of revolutions about the sun gear and that about the planetary gear itself of the planetary ball mill to 200 rpm. 
and a coin-shaped test cell was prepared using the so produced LIFeP04 carbon composite material as cathode active 
material. 

Comparative Example B-2 

40 

[0207] An LiFeP04 carbon composite material was prepared in the same way as in Example B-1 . except setting the 
number of revolutions about the sun gear and that about the planetary gear itself of the planetary ball mill to 350 rpm. 
and a coin-shaped test cell was prepared using the so produced LiFeP04 carbon composite material as cathode active 

material. 

45 [0208] X-ray diffractometry was carried out on the synthesized LiFeP04 carbon composite material synthesized as 
described above. The cathode active material samples matched to the powder X-ray diffraction lines stated in 
JCPDS-No.401499 and in which no other diffraction lines were observed are marked with O as being a prepared by 
single-phase synthesis, while the cathode active material samples not matched to the powder X-ray diffraction lines 
stated in JCPDS-No.401499 or in which other diffraction lines were observed despite matching to the powder X-ray 

so diffraction lines are marked with x as being not prepared by single-phase synthesis. 

[0209] On the coin-shaped test cells, prepared as described above, the charging/discharging tests were conducted 
as now explained to perform a variety of measurements. 



<Charging/discharglng test> 

[0210] Each test cell was charged at a constant current and, at a time point the cell voltage reached 4.2 V. the 
constant current charging was switched to constant voltage charging and charging was carried out as the cell voltage 
was kept at 4.2 V. The charging was terminated at a time point the current value fell to 0.01 mA/cm^ or less. Each test 
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was then discharged. The discharging was terminated at a time point the cell voltage fell to 2.0 V. and measurements 
were made ofthe Initial discharge capacity per unit weight of the cathode active material. Both the charging and the 
discharge were carried out at ambient temperature (25*C) with the current density at this time being set to 0.1 mA/cm^. 
[0211] With the above-described charging/discharging cycle as one cycle, measurements were made of the dis- 
5. charge capacity per unit weight of the cathode active material after 50 cycles. The capacity upkeep ratio, which stands 
for the proportion of the discharge capacity after 50 cycles to the Initial discharge capacity, was found to evaluate cyclic 
characteristics. 

[0212] A practically useful cell is required have the initial discharge capacity not lower than 140 mAh/g and the 
capacity upkeep ratio not lower than 80%. It Is more desirable that the initial discharge capacity and the capacity upkeep 
10 ratio be not less than 1 50 mAh/g and not lower than 90%, respectively. 

[0213] The results of the above measurements and the tap density are shown in Table B-1 . 



Table B-1 







tap density (g/cc) 


decision by XRD 


initial discharge capacity 


capacity upkeep ratio (%) 










(mAh/g) 






Ex.B-1 


0.40 


O 


149.5 


92.2 




Ex.B-2 


0.63 


O 


153.3 


94.5 




Ex.B-3 


1.02 


O 


151.2 


94.1 




Ex.B-4 


2.00 


O 


146.2 


90.2 




Comp. Ex.B-1 


0.35 


X 


120.3 


78.1 




Comp. Ex.B-2 


2.21 


O 


133.2 


75.3 



[0214] It may be seen from Table B-1 that, in the starting materials for synthesis of the UFeP04 carbon composite 
m^icnal. the cathode active material samples of Examples B-1 to B-4, in which the tap density of the starting materials 
for synthesis following the milling is not less than 0.4 g/cc and not larger than 2.0 g/cc, are matched to the powder X- 
ray diffraction lines described in JCPDS-N0.401499, while being free from other diffraction lines, thus testifying to 
futfilmeni of the single-phase synthesis of the LiFeP04 carbon composite material. It may also be seen that the test 
cell employing the cathode active material has a large initial discharge capacity and a high capacity upkeep ratio. 
[0215] Conversely, the cathode active material of the Comparative Example B-1, in which the tap density of the 
starting materials for synthesis of the LiFeP04 carbon composite material is less than 0.4 g/cc is not matched to the 
diffraction lines, or is not free of other diffraction lines, despite matching achieved, thus testifying to non-fulfilment of 
the single-phase synthesis of the LiFeP04 carbon composite material. It may also be seen that the test cell employing 
the cathode active material has only small initial discharge capacity and hence is not practically useful. 
[0216] It may also be seen that the cathode active material of the Comparative Example B-2, in which the tap density 
of the starting materials for synthesis of the LiFeP04 carbon composite material exceeds 2.0 g/cc, is low in capacity 
upkeep ratio when used in a test cell, despite fulfilment of the single-phase synthesis of the LiFeP04 carbon composite 
material. Thus, the cathode active material is not practically useful. 

[0217] It may be said from above that, by setting the tap density of the starting materials for synthesis following the 
milling to not less than 0.4 g/cc and not larger than 2.0 g/cc, in the synthesis of the LiFeP04 carbon composite material, 
single-phase synthesis of the UFeP04 carbon composite material can be achieved satisfactorily so that a cathode 
active material not containing an impurity may be produced, and that, by employing the so produced cathode active 
material, a noh-aqueous electrolyte secondary cell may be produced which is of high capacity and superior in cyclic 
characteristics. 

[0218] A plural number of Li^Fe^.yMyP04 carbon composite materials other than the LiFeP04 carbon composite 
material were prepared as cathode active material samples and cells were produced using these cathode active ma- 
terial samples to evaluate the so produced celts. 

Example B-5 

[0219] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
Li Feo.gM "0.8^^04 carbon composite material as a cathode active material. 

Example B-6 

[0220] A coin-shaped lest cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo 2Cro 8PO4 carbon composite material as a cathode active material. 
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Example B-7 

[0221] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo.2Coo.BPO4 carbon composite material as a cathode active material. 

5 

Example B-8 

[0222] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo.2Cuo.8PO4 carbon composite material as a cathode active material. 

10 

Example B-9 

[0223] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo 2^*0 8PO4 carbon composite material as a cathode active material. 

Example B-10 

[0224] A coin-shaped test cell was prepared In the same way as in Example B-1 except synthesizing an 
LiFeo 25V0.75PO4 carbon composite material as a cathode active material. 

20 

Example B-11 

[0225] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
L'P®o 25'^°0 75PO4 carbon composite material as a cathode active material. 

25 

Example B-1 2 

[0226] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo 25Tio 75PO4 carbon composite material as a cathode active material. 

30 

Example B-1 3 

[0227] A coin-shaped test cell was prepared In the same way as in Example B-1 except synthesizing an 
LiFeo 3Zno.7P04 carbon composite material as a cathode active material. 

35 

Example B-1 4 

[0228] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo.3Alo.7PO4 carbon composite material as a cathode active material. 

40 

Example B-1 5 

[0229] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LIFeo 3Cao.7P04 carbon composite materia! as a cathode active material. 

45 

Example B-1 6 

[0230] A coin-shaped test cell was prepared In the same way as in Example B-1 except synthesizing an 
LiFeo 25Mgo.75P04 carbon composite material as a cathode active material. 

50 

Example B-1 7 

[0231] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo 25B075PO4 carbon composite material as a cathode active material and the characteristics of a cell produced 
55 using this cathode active material were evaluated. 
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Example B-18 

[0232] A coin-shaped test cell was prepared in the same way as in Example B-1 except synthesizing an 
LiFeo 25Nbo 75PO4 carbon composite material as a cathode active material. 
5 [0233] On the coin-shaped test cells of Examples B-5 to B-18, the aforementioned charging/discharging test was 
carried out in similar manner to measure the initial discharge capacity and capacity upkeep ratio. As a result, it was 
found that, in any of the above embodiments, single-phase synthesis of the cathode active material was carried out 
satisfactorily and that the test cells prepared using the cathode active materials were of high capacity and superior 
cyclic characteristics, 

10 [0234] Thus, it may be said that, by setting the tap density of the starting materials for synthesis of the LiFei.yMnyP04 
carbon composite material following the milling to not less than 0.4 g/cc and not larger than 2.0 g/cc. in the synthesis 
of the LiFeP04 carbon composite material as the cathode active material, the cathode active material free of an impurity 
may be produced. It may also be said that, by employing the so produced cathode active material, a non-aqueous 
electrolyte secondary cell may be produced which is of high capacity and of superior cyclic characteristics. 

15 

<Preparation of test cell using polymer electrolyte> 
Example B-1 9 

20 [0235] A gelated electrode was prepared as follows: First, polyvinylidene fluoride, copolymerized with 5.9 wt% of 
hexafluoropropylene, a non-aqueous electrolyte and dimethyl carbonate, were mixed, agitated and dissolved to a sol- 
like electrolytic solution. To this sol-like electrolytic solution was added 0.5 wt% of vinylene carbonate VC to form a 
gelated electrolytic solution. As the non-aqueous electrolyte solution, such a solution obtained on mixing ethylene 
carbonate EC and propylene carbonate PC at a volumetric ratio of 6:4 and on dissolving LiPFg at a rate of 0.85 mol/ 

25 kg in the resulting mixture was used. 

[0236] A cathode was then prepared as follows: First, 95 parts by weight of the LiFeP04 carbon composite material, 
prepared in Example B-2, 10 parts by weight of acetylene black, and 5 parts by weight of poly (vinylidene fluoride), in 
the form of fluorine resin powders, as a binder, were mixed together, and added to with N-methy! pyrrolidone to yield, 
a slurry. This cathode mixture was coated on an aluminum foil. 20 ^m in thickness, dried in situ under heating and 

30 pressed to form a cathode coating film. A gelated electrolytic solution then was applied to one surface of the cathode 
coating film and dried in situ to remove the solvent. The resulting product was punched to a circle 1 5 mm in diameter, 
depending on the cell diameter, to form a cathode electrode. 

[0237] The anode then was prepared as follows: First, 10 wt% of fluorine resin powders, as a binder, were mixed 
into graphite powders, and added to with N-methyl pyrrolidone to form a slurry, which then was coated on a copper 
35 foil, dried in situ under heating and pressed to form an anode coating foil. On one surface of the anode coating foil was 
applied the gelated electrolytic solution and dried in situ to remove the solvent. The resulting product was punched to 
a circle 16.5 mm in diameter, depending on the cell diameter, to form an anode electrode. 

[0238] The cathode, thus prepared, was charged into the cathode can, while the anode was held in the anode can. 
The anode can and the cathode can were caulked and secured together to complete a 201 6 type coin-shaped lithium 
40 polymer cell having a diameter and a thickness of 20 mm and 1 .6 mm, respectively. 

Comparative Example B-3 

[0239] A coin-shaped lest cell was prepared in the same way as in Example B-1 9 except using the LiFeP04 carbon 
45 composite material prepared in Comparative Example B-1 as cathode active material. 

Comparative Example B-4 

[0240] A coin-shaped test cell was prepared in the same way as In Example B-1 9 except using the LiFeP04 carbon 

50 composite material prepared in Comparative Example B-2 as cathode active material, 

[0241] On the polymer cells of Examples B-5 and Comparative Examples B-3 and B-4, prepared as described above, 
tests on charging/discharging characteristics, performed on the test cells employing the non-aqueous electrolyte so- 
lution, described above, were conducted in similar manner to measure the initial charging/discharging capacity and 
the capacity upkeep ratio following 50 cycles, to evaluate cell characteristics. 

55 [0242] The measured results are shown, along with the tap density of the cathode active material, in Table B-2. The 
practically useful cell is required to be of the initial discharge capacity and the capacity upkeep ratio of not less than 
140 mAh/g and not less than 80%. respectively, and preferably of not less than 150 mAh/g and not less than 90%, 
respectively. 
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Table B-2 





tap density (g/cc) 


decision by XRD 


initial discharge capacity 
(mAh/g) 


capacity upkeep ratio (%) 


Ex.B-19 


0.63 


O 


152.1 


92.5 


Comp- Ex.B-3 


0.35 


X 


120.2 


76.5 


Comp. Ex. 8-4 


2.21 


O 


132.4 


72.2 



10 



15 



[0243] It may be seen from Table B-2 that, with the non-aqueous electrolyte cell of Example B-19, employing the 

cathode active material prepared by sitting the tap density following milling of the starting materials for synthesis of the 
LiFeP04 carbon composite material to not less than 0.4 g/cc and not larger than 2.0 g/cc, the discharge capacity as 
well as cyclic characteristics is improved even in case of employing the gelated electrolyte in place of the non-aqueous 
electrolyte solution as the non-aqueous electrolyte. 



Claims 



20 
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1 . A method for the preparing a cathode active material comprising: 

a mixing step of mixing starting materials for synthesis of a compound represented by a genera! formula 
LixFe,.yl\/lyP04, where M is at least one selected from a group consisting of Mn, Cr, Co, Cu, Ni, V, Mo, Ti, Zn, 
Al, Ga, Mg, B and Nb, with 0.05 < x < 1 .2 and 0 < y < 0.8; 
a milling step of milling a mixture obtained in said mixing step; 

a compressing step of compressing the mixture milled in said milling step to a preset density; and 
a sintering step of sintering the mixture compressed in said compressing step, 

wherein a carbon material is added in any ofthe above steps previous to said sintering step, and wherein the preset 
density of said mixture in said compressing step is not less than 1 .71 g/cm^ and not larger than 2.45 g/cm^. 

2. A method for preparing a non-aqueous electrolyte cell having a cathode including a cathode active material, an 
anode including an anode active material and a non-aqueous electrolyte, wherein said cathode active material is 
produced by a mixing step of mixing starting materials for synthesis of a compound represented by a general 
formula Li^Fei.yMyP04, where M is at least one selected from a group consisting of Mn. Cr, Co, Cu, Nl, V, Mo, Ti, 
Zn, Al, Ga, Mg, B and Nb, with 0.05 < x < 1 .2 and 0 < y < 0.8, a milling step of milling a mixture obtained in said 
mixing step, a compressing step of compressing the mixture milled in the milling step to a preset density, and a 
sintering step of sintering the mixture compressed in said compressing step, 

wherein a carbon material is added in any of the above steps previous to said sintering step and wherein 
the preset density of said mixture in said compressing step is not less than 1 .71 g/cm^ and not larger than 2.45 g/ 
cm^. 



3. The method for preparing the non-aqueous electrolyte cell according to claim 2 wherein a non-aqueous electrolyte 
is used as a solution of an electrolyte in a non-protonic non-aqueous solvent. 

4. The method for preparing the non-aqueous electrolyte cell according to claim 2 wherein a polymer electrolyte is 
used as a solid electrolyte. 

5. A method for preparing a cathode active material comprising: 
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a mixing step of mixing starting materials for synthesis of a compound represented by a general formula 

Lij^Fei.yMyP04, where M is at least one selected from a group consisting of Mn, Cr, Co, Cu, Ni, V, Mo, Ti, Zn, 

Al, Ga, Mg. B and Nb, with 0.05 < x < 1 .2 and 0 < y < 0.8; 

a milling step of milling a mixture obtained in said mixing step; and 

a sintering step of sintering the mixture milled in said milling step, 

wherein a carbon material is added in any of the above steps, and wherein , after said milling step, a tap 
density of the starting materials for synthesis is not less than 0.4 g/cc and not larger than 2.0 g/cc. 
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6. The method for preparing a cathode active material according to claim 5 wherein as the compound represented 
by the general formula UxFei.yMyP04, a compound represented by the general formula LixFeP04. where 0 < x < 
1, Is synthesized. 

5 7. A method for preparing a non-aqueous electrolyte cell having a cathode including a cathode active material, an 
anode including an anode active material and a non-aqueous electrolyte wherein said cathode active material is 
produced by a mixing step of mixing starting materials for synthesis of a compound represented by a general 
formula Li^Fei.yMyP04, where M is at least one selected from a group consisting of Mn, Cr, Co, Cu, Ni, V, Mo, Ti, 
Zn, Al, Ga. Mg, B and Nb, with 0.05 < x < 1 .2, 0 < y < 0.8, a milling step of milting a mixture obtained in said mixing 

10 step, and a sintering step of sintering the mixture milled in said milling step, 

wherein a carbon material is added in any of the above steps, and wherein, after said milling step, a tap 
density ofthe starting materials for synthesis is not less than 0.4 g/cc and not larger than 2.0 g/cc. 

8. The method for preparing the non-aqueous electrolyte cell according to claim 7 wherein as the compound repre- 
ss sented by the general fonmula LixFei.yMyP04, a compound represented by a general fomiula Li^FePO^, where 0 

< X < 1 , is synthesized. 

9, The method for preparing the non-aqueous electrolyte cell according to claim 7 wherein a non-aqueous electrolyte 
is used as a solution of an electrolyte in a non-protonic non-aqueous solvent. 

20 

10/The method for the preparing the non-aqueous electrolyte cell according to claim 7 wherein a polymer electrolyte 
is used as a solid electrolyte. 
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FIG.1 
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FIG.4 
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